Introduction
Many individuals with schizophrenia experience reductions in motivation [1] . These deficits are associated with social and occupational functioning, but treatments are not sufficiently effective at alleviating such symptoms [2] , potentially due to poor mechanistic understanding of the causes of impaired motivation. Recent research has suggested that motivational deficits in schizophrenia might arise, in part, due to aberrant effort-based decision-making [3, 4] .
Effort-based decision-making refers to mental computations that individuals perform to estimate the amount of work required to obtain an outcome (Box 1). Recent work has suggested that individuals with schizophrenia are less willing than healthy controls to exert effort to obtain monetary rewards on experimental tasks [5,6,7,8 ,9,10 ,11,12 ,13,14,15 ] , and that this deficit in effort allocation is related to negative symptoms [5,6,8 ,9,13,14,15 ,16,17,18 ,19 ]. In the current review, we summarize this literature and provide some thoughts on future directions.
Physical effort-based decision-making
Over the past several years, studies have been published suggesting a reduced willingness of individuals with schizophrenia compared to healthy controls to exert physical effort for monetary rewards [5,7,8 ,9,10 ,11,12 ,13,14] . Broadly, these reports involve participants making repeated decisions between completing a hard or easy task for high or low monetary reward. For example, researchers have used button-pressing tasks where individuals choose to complete an easy task (i.e. a minimal number of button presses) for a small reward or a hard task (i.e. a large number of button presses) for a variable larger reward [8 ,20 ]. These investigations find that individuals with schizophrenia are less likely than healthy controls to select the hard task [5,7,8 ,9,10 ,11,12 ,13,14] , although some studies have reported null results [19, 21] . Further, it is typically found that this group difference is largest when hard task reward value is highest and the probability of reward receipt is most certain [5,7,8 ,11,12 ,13,14] .
In regards to individual differences, many studies have shown that schizophrenia patients with the greatest negative symptom severity are least willing to exert effort [5,8 ,9,13,14,16,17,18 ,19] . Further, recent work has shown patient behavior on effort-based decision-making tasks is a reliable predictor of motivation and pleasure ratings in daily life [18 ] . However, not all reports have observed significant associations between physical effort tasks and negative symptoms [7,10 ,21,22] . This inconsistency may be due to differences in negative symptom assessment instruments with most of the significant associations using newly developed measures of negative symptoms (i.e. CAINS [23] or BNSS [24] ). Indeed, these new measures better reflect current conceptualization of negative symptoms, differentiating the experiential aspect of negative symptoms from the expression of negative symptoms. Recent studies using these measures have showed that impairments in effort-based decisionmaking are more robustly related to experiential negative symptoms [6,15 ,17,19] .
Cognitive effort-based decision-making
Multiple reports have demonstrated decreased cognitive effort-based decision-making in schizophrenia [6,12 ,15 ] . 
